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Background: Clinical guidelines for denture care are available, but evidence for optimal
nocturnal storage is scarce. The aim of the study was to compare the role of the overnight
storage state on plaque growth and composition on acrylic removable dentures.
Methods: In a parallel-group randomized controlled trial of 51 institutionalized participants, 3
denture overnight preservation methods were considered: (i) in water, (ii) dry or (iii) in waterwith
added alkalineperoxide-based cleansing tablet. Biofilm samples weretaken on day 7 (developing
biofilm – dBF) and day 14 (maturing biofilm – mBF) from a mechanically uncleaned, standardized
region, situated distally to the second lower premolars. Total and individual levels of selected
perio-pathogenicandcommensal species (n = 20), and of Candida albicans werecalculatedby PCR.
Differences between storage conditions (water/dry/tablet) and between the samples (dBF/mBF)
were assessed by means of unpaired and paired t-tests respectively, with a = 5%.
Results: Overnight denture storage with cleansing tablet significantly decreased the total
bacterial level of dBF and mBF up to 13.8%. Fn, Ec, Cs, Sc, Ao and Vp counts were particularly
affected by tablet care. Significant lower amounts of Candida albicans for tablet storage
compared to water preservation were recorded in dBF and mBF (69.3  3.8% and
75.9  3.2% respectively). The mass and pathogenicity of dBF and mBF was equal, irrespective
of the overnight storage intervention.
Conclusions: The use of cleansing tablets for acrylic removable denture overnight storage
reduces denture biofilm mass and pathogenicity compared to dry and water preservation,
and may contribute to the overall systemic health.
Clinical significance: Evidence-based clinical guidelines for overnight storage of removable
acrylic dentures are lacking. The findings of this study indicate that alkaline peroxide-based
cleansing tablets decrease bacterial and Candida levels in denture biofilms in case of poor
oral hygiene. This provides evidence for a clinical guideline to minimize microbial load of
dentures, thereby reducing associated systemic health risks.
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The presence of a biofilm – i.e. structured microbial commu-
nities that are attached to a surface and encased in an
exopolymer matrix – on acrylic removable dentures has been
associated with serious systemic conditions, especially in the
dependent elderly.1 Oral bacteria have been implicated in
bacterial endocarditis,2 aspiration pneumonia,3,4 chronic
obstructive pulmonary disease,5,6 amongst other diseases.1,7
Ample evidence is provided regarding the relationship
between proper oral hygiene and overall systemic health.
Plaque on dentures is a complex aggregate containing more
than 108 organisms per milligram, and involving more than
600 prokaryote species.8 The different species collaborate to
form a symbiotic biofilm. The biofilms in dentate patients have
been studied extensively9 and also literature on the biofilm
microbiota of complete acrylic dentures10–18 is available.
Culture-independent molecular methods enabling refined
characterization of the microbial composition of the denture
biofilm were first adopted by Campos and co-workers.15
Eighty-two bacterial species, including 3 types of Candida
spp (Candida albicans; Candida glabrata; Candida tropicalis), were
defined in the denture biofilm samples of patients with or
without denture stomatitis. Twenty-six bacterial phylotopes
were found in the ‘healthy’ denture wearers (with a strong
representation of Streptococcus spp.), while 32 phylotopes were
found exclusively in patients with denture stomatitis. The
stomatitis group was represented by Streptococcus spp. (23%),
Atopobium spp. (16%) and Prevotella sp. (11%). C. albicans was
identified as the primary fungal species in the stomatitis
group, while there was a greater diversity of 3 Candida spp.
found in the healthy population. It appears that distinct
biofilms, with associated pathogenic risks, are present in
‘healthy’ versus denture stomatitis affected participants. In the
study of Sachdeo and co-workers using molecular hybridiza-
tion techniques,16 high counts of Actinomyces and Streptococcus
species, Veillonella parvula, Capnocytophaga gingivalis, Eikenella
corrodens and Neisseria mucosa were recorded in the denture
biofilms. The authors considered the presence of the peri-
odontal pathogens Aggregatibacter actinomycetemcomitans and
Porphyromonas gingivalis as an important feature, suggesting
that it is important to provide the denture-wearing population
care and follow-up similar to their non-denture-wearing
counterparts. The presence of V. parvula, E. corrodens and N.
mucosa in denture biofilm was confirmed in the study of Teles
and co-workers.18
Not only poor denture cleaning but also inappropriate
habits, such as wearing dentures overnight have proved to be
associated with the prevalence of Candida-associated stoma-
titis.19,20 Therefore, the overnight removal of the acrylic
removable dentures is advised in clinical settings. Despite
these instructions, a significant number of edentulous
patients still wear their dentures during the night.21
Besides, although evidence-based guidelines for denture
care and maintenance are available,22 clear guidelines for
nocturnal storage conditions of dentures are missing. One
study on the effect of denture overnight drying and water
immersion on candidal colonization, however, was published
back in 1986 by Stafford et al.23 This study indicated thatleaving the denture in air overnight instead of soaking it in
water, reduced the candidal colonization on the denture. This
study already indicated the importance of overnight denture
storage on its microbial contamination. As we do not have any
information, however, on the effect of all current overnight
storage protocols on the microbial denture contamination
(both bacterial and C. albicans contamination), more research
is required in order to establish clear clinical guidelines for
overnight denture storage.
The aim of the present study was therefore to compare the
role of different conditions for overnight storage of acrylic
removable dentures on the microbial composition and C.
albicans colonization of developing and maturing denture
plaque, and to provide the practicing clinician with evidence
for the nocturnal care of removable dentures. The expected
findings could be of considerable importance for reducing the
risk posed by pathogenic microorganisms, particularly in
bedridden and immunocompromised patients.
2. Materials and methods
2.1. Participants and experimental design
Subjects were eligible if they were edentulous in both upper
and lower jaw, possessed removable complete acrylic den-
tures, and had a good mental health to provide informed
consent. Out of the 60 patients selected by two dentists
(authors JD and PM) from the residents of a long-term care
institution, 51 subjects (mean age of 85.9  5.9 years) agreed
for participation. The study was approved by the Institutional
Ethics Committee (S51463) and registered in the Institutional
Clinical Trials database (Identifier: B32220085221), and was
conducted according to the ICH-GCP (International Confer-
ence on Harmonization Guidelines on Good Clinical Practice)
principles. The study took place autumn 2008.
The participants were randomized to one of the 3 denture
overnight storage groups: (i) in a bath with tap water (‘WATER’)
(n = 18), (ii) dry (‘DRY’) (n = 16) or (iii) in a bath with tap water
and cleanser tablet (‘TABLET’) (n = 17). Group allocation was
blinded for the patient as well as during biofilm analyses. The
commercial denture cleanser Corega Tabs Anti-bacteria1
(GlaxoSmithKline Consumer Healthcare SA, Genval, Belgium)
was selected. The active substances of the alkaline peroxide-
based Corega Tabs Anti-bacteria1 are potassium caroaat,
sodium perborate and sodium benzoate. The oral hygiene
measures were performed and controlled by one of the
researchers (PM), and patients and their attendants were
advised not to clean the dentures themselves for the entire
duration of the study. A notice to this request was placed
above each participant’s bed.
The buccal surface of the lower denture was subject of
analysis, as significant plaque accumulation is anticipated for
lower dentures.24 Prior to the study, all dentures were
mechanically cleaned and disinfected by brushing with water
and chlorhexidine-containing toothpaste (Perio-Aid gel, Den-
taid, The Netherlands). Biofilm (BF) analysis was performed
bilaterally for a 5-mm diameter circular region of interest,
situated distally to the second premolars (Fig. 1). In order to
standardize the position and dimensions of this region and to
Fig. 1 – Individualized custom-made mould of the lower denture, made with putty impression material (OptosilW, Heraeus
Kulzer GmbH, Hanau, Germany) and with placeholder rings in situ (a). Detail of the positioning of the placeholder rings
centrally between second premolar and first molar tooth (b).
Table 1 – List of oral bacteria under investigation.
Abbreviation Genus and species
Aa Aggregatibacter actinomycetemcomi-
tans
Av Actinomyces viscosus
Ao Actinomyces odontolyticus
Cs Capnocytophaga species
Cc Campylobacter concisus
Cg Campylobacter Gracilis
Cr Campylobacter Rectus
Ec Eikenella corrodens
En Eubacterium nodatum
Fn Fusobacterium nucleatum
Pg Porphyromonas gingivalis
Pi Prevotella intermedia
Pm Peptostreptococcus micros
Pn Prevotella nigrescens
Sc Streptococcus constellatus
Sg Streptococcus gordonii
Sm Streptococcus mitis
Td Treponema denticola
Tf Tannerella forsythensis
Vp Veillonella parvula
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custom-made mould of each lower prosthesis with placehold-
er rings was made (Optosil1, Heraeus Kulzer GmbH, Hanau,
Germany) (Fig. 1). The placeholder rings were placed in such a
way that the transition between artificial tooth and gums was
situated centrally. These moulds were fabricated following
denture disinfection at the start of the study, and could be re-
used throughout the study because of the absence of
dimensional changes over time when preserved properly
(i.e. dry and in plastic bag). When a biofilm sample was taken,
the entire biofilm mass within the contours of the placeholder
ring (1 5 mm) was removed from the denture using sterile
swabs (Copan, microRheologics SrL, Brescia, Italy). After
taking the sample, the swabs were allowed to air dry at room
temperature prior to cryopreservation at 20 8C.
Adopting a split-mouth design, bilateral sampling at
different time points enabled investigation of the impact of
overnight storage conditions on the microbial and fungal mass
and pathogenicity of developing and of maturing denture
biofilms. To do so, during the first week of the experiment and
for all participants, all denture surfaces were cleaned daily by
brushing with soap, except for the 2 regions of interest where
plaque accumulation over 7 days was allowed. The dentures
were stored overnight in tap water during that period. At day 7,
the biofilm was sampled at one region (randomly assigned;
ROI_1 designated as c(ontrol)BF), while preserved at the
contralateral region (ROI_2). During the following 1-week
period, the dentures were preserved overnight according to
the allocated condition (WATER/DRY/TABLET), and daily
mechanically cleaned except for the sampling regions. After
7 days of specific overnight denture care, biofilm sampling of
both ROI_1 (developing biofilm; named as d(eveloping)BF) and
of ROI_2 (maturing biofilm; designated as mBF) was performed.
The study set-up enabled us to investigate the effect of a
specific overnight storage condition (WATER versus DRY versus
TABLET) on the biofilm bacterial and fungal level and
composition. Furthermore, potential differences between
the dBF and mBF sample types within a specific overnight
storage condition group were considered in order to elucidate
the importance of the baseline condition (i.e. absence or
presence of a biofilm) on the outcome of the intervention.2.2. Data collection and statistical analysis
After completion of the study, the biofilm samples were
transported on dry ice to Advanced Dental Diagnostics B.V.
(Malden, the Netherlands), and used for polymerase chain
reaction (PCR) analyses for 20 selected oral bacteria (Table 1)
and for C. albicans. This analysis provides information of both
the quantity (total bacterial level) as well as the quality
(composition) of the biofilm. The original microbial data were
converted to log10-values. The total amount of bacteria as well
as the relative presence of the different bacteria were
calculated per overnight storage condition. Bacteria species
with a prevalence of >20% in at least one storage condition
were selected for further analysis. Differences between
storage conditions (WATER/DRY/TABLET) and between the
samples (dBF/mBF) for the selected species were assessed by
means of F- and unpaired t-tests and by paired t-tests
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analyses were performed for C. albicans. Additionally, the
incidence of C. albicans was quantified (0 = absent; 1 = present)
and compared for the different overnight storage care groups.
3. Results
All enrolled patients participated for the whole duration of the
study. Biofilm sampling was performed uneventfully in a
standardized way for all experimental groups. All samples
were used for analysis (n = 18 for WATER group; n = 16 for DRY
group; n = 17 for TABLET group).
3.1. Overnight denture storage in cleansing tablet
decreased the total bacterial level
The denture biofilm formation prior to a specific overnight
intervention was uniform for all groups (no differences for cBF
between the groups) (Fig. 2). For the developing biofilm
samples (dBF), significantly less microbiota were observed
when the denture was stored overnight in tablet condition,
compared to water or dry preservation (10.3  1.15% and
13.8  1.02% respectively; p < 0.05 and p < 0.005). For the
maturing denture biofilm samples (mBF), significant differ-
ences were only noted between the groups WATER and
TABLET, with lower bacterial counts for the latter group
(8.9  1.00%; p < 0.05) (Fig. 2). No significant differences were
noted when comparing the microbiota mass between dBF and
mBF samples within a specific nocturnal storage condition.
3.2. Overnight denture storage in cleansing tablet
decreased the count of 6 selected microbiota
Aa, Fn, Ec, Cs, Sm, Sg, Sc, Ao and Vp were the most predominant
taxa with a prevalence of >20% relative to the total bacterial
level (Fig. 3), and were selected for further statistical analysis
(Fig. 4). No significant differences between overnight preser-
vation groups were found for Aa, Sm and Sg for all sample
types. For the remaining 6 species, bacterial counts were
lower for the TABLET group compared to the 2 other groups,Fig. 2 – Total bacterial level in cBf, dBF and mBF samples for
the 3 different overnight storage conditions. Statistically
significant differences are shown by a horizontal bar (F-
test and unpaired t-test). White bar: cBF, control biofilm;
stripe bar: dBF, developing biofilm; grey bar: mBF,
maturing biofilm.and significantly differing primarily with the DRY group.
Significant lower amounts of Fn, Ec, Sc, Ao and Vp for TABLET
compared to DRY conditions were found in dBF ( p < 0.01,
p < 0.05, p < 0.05, p < 0.02 and p < 0.05 respectively). These
differences were maintained for Fn, Ec and Vp in mBF ( p < 0.05,
p < 0.05 and p < 0.02 respectively). Furthermore, significant
lower amounts of Cs and Vp in dBF were found in the TABLET
compared to the WATER group ( p < 0.005 and p < 0.05
respectively). Potential differences between the dBF and
mBF sample types within a specific overnight storage
condition group were also considered, but no differences
were observed between dBF and mBF for neither nocturnal
storage condition.
3.3. The addition of a cleansing tablet to water for
overnight storage decreased the level of C. albicans
C. albicans was detected in all samples of all experimental
groups. Although the incidence was the lowest for the TABLET
group, and in particular far lower compared to the WATER
group, the difference was not statistically significant ( p = 0.06
for WATER versus TABLET for both dBF and mBF) (Fig. 5a).
Significant lower amounts of C. albicans for TABLET storage
compared to preservation in WATER were found for the dBF
and mBF samples (69.3  3.8% and 75.9  3.2% respectively;
p < 0.05 and p < 0.01) (Fig. 5b). Within a specific preservation
condition, the biofilms dBF and mBF contained the same level
of C. albicans.
4. Discussion
Careful daily removal of the bacterial biofilm present on
acrylic dentures is of paramount importance to minimize
denture stomatitis and to help contribute to good oral and
general health. Denture cleansing has been the subject of
extensive research over the years. It was therefore surprising
that little information was found on the importance of the
overnight storage state of removable acrylic dentures. Stafford
et al.,23 however, published a study on the effect of denture
overnight drying and water immersion on candidal coloniza-
tion in 1986. This study had great importance as it was the only
study to evaluate the effect of overnight denture storage
condition on its microbial contamination. In addition, it could
indeed indicate a significant effect. Nevertheless, the study
also had its limitations such as unclear sampling conditions
(non-standardized sampling sites, sampling quantities), no
information on the boundary conditions (mechanical or
chemical denture cleaning, active or passive denture drying,
room temperature etc.). In addition, soaking the denture in
water with a cleansing tablet, which is often advocated as
overnight storage condition, was not considered.
So there is a rather low level of evidence on the optimal
overnight storage conditions for reducing microbial and yeast
denture colonization and growth. The present study therefore
aimed to analyze the role of the nocturnal storage state on
plaque growth and composition on acrylic removable den-
tures in the absence of mechanical cleaning. More in
particular, denture nocturnal preservations in tap water, dry
or in tap water with added alkaline peroxide-based
Fig. 3 – PCR-quantified amounts of the 20 selected bacteria for WATER (a), DRY (b) and TABLET (c) overnight storage
condition. Bacteria species with a prevalence of >20% in at least one condition (n = 9) were selected for further analysis: Aa,
Fn, Ec, Cs, Sm, Sg, Sc, Ao, Vp.
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ized controlled trial of institutionalized elderly.
Denture overnight storage in water with addition of an
effervescent cleanser tablet significantly decreased the total
bacterial count in both developing and maturing biofilms
compared to storage in ‘placebo water’, corroborating reports
of a positive effect of chemical cleansing on microbial
counts.11,13 Furthermore, significantly fewer bacteria were
found in the developing biofilm with nocturnal tablet storage
compared to preservation overnight in ambient air. This effect
was however not sustained as the total bacterial count
diminished over time in dry preservation situation, a result
of long-term nutrient deprivation and/or altered interspecies
interactions in such conditions. Noteworthy is the fact that
nocturnal denture storage either in water or in dry conditions
yielded the same microbial denture colonization. To theauthors’ knowledge, no literature reports on removable acrylic
dentures comparing microbial implications of exposure to
either humid or dry nocturnal storage conditions are available.
Assessment of the composition of the microbial films
revealed absence or negligible counts of so-called perio-
pathogenic bacteria25–28 such as Pg, Tf, Td, Pi, Pm, Pn, Cg, Cr and
En, irrespective of the overnight storage method (Fig. 3).
However, Aa and Fn proportions were considerable. Also the
species Ec and Cs, both perio-pathogenic bacteria though less
virulent, were detected. Ec is considered as a potentially
harmful species as it can induce inflammatory reactions.29
Capnocytophaga species (Cs) have been reported to be impli-
cated in bloodstream infections.30,31 Furthermore, Streptococ-
cus species (Sm, Sg, Sc), Ao and Vp were the most prominent
occupants of biofilm sample for all experimental groups. The
abundance of these species in the biofilm on acrylic dentures
Fig. 4 – Detail of the recorded amount of the 9 selected predominant bacterial species. Statistically significant differences are
shown by a horizontal bar (F-test and unpaired t-test; p < 0.05). White bar: cBF, control biofilm; stripe bar: dBF, developing
biofilm; grey bar: mBF, maturing biofilm.
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species are considered as relatively unharmful inhabitants of
the biofilm,32 Streptococcus gordonii (Sg) is a causative bacterium
for infective endocarditis.33 Furthermore, several cases of
Actinomyces odontolyticus systemic infection have been
reported, with the patient immunosuppression state playing
a major etiological role.34 Finally, V. parvula, a commensal
mouth bacteria, is potentially pathogenic in other parts of the
body like lungs and heart.35 All these observations suggest that
biofilm samples from the outer surface of 7-days and 14-days
uncleaned acrylic dentures are composed of both commensal
and perio-pathogenic species, with the highest proportion for
the commensal microflora. This latter category may be able to
prevent more perio-pathogenic species from becoming part of
the biofilm. However, their systemic pathogenicity as well as
interactions between the biofilm residents may contribute to
more serious diseases such as bacteremia, endocarditis and
pneumonia.
The most prominent qualitative differences in the denture
biofilm composition relative to the storage method were
observed between the DRY and TABLET groups (Fig. 4) and for
both the medium- (Fn and Ec) and non-perio-virulent catego-
ries (Sc, Ao and Vp). Furthermore, the addition of a cleansing
tablet to water for overnight storage compared to the ‘placebo
water’ group (WATER vs TABLET) significantly altered the
counts of 2 species (Cs and Vp), albeit solely in the developingbiofilm. Considering these results together with the observed
absence of alteration of the microbial denture plaque
composition between WATER vs DRY storage methods
suggests that the overnight storage of a biofilm-colonised
denture by means of an alkaline peroxide-based tablet is the
preferred method to impact the microbial composition. The
proof of concept for the use of alkaline peroxide-based
effervescent tablets in relation to microbial charge and
composition (previously established for denture cleansing
method compared to placebo treatment36;) is now extended to
nocturnal denture storage.
The predominant oral yeast isolated from dentures has
been identified as C. albicans,37 and was assessed in the present
study. C. albicans was detected in all samples of all experi-
mental groups (Fig. 5a). Cleanser tablet use for overnight
denture storage revealed a promising potential to decrease the
Candida infection incidence. This finding encourages further
research on the optimization of the composition of alkaline
peroxide-based tablets in order to inhibit Candida colonization
of acrylic dentures. Furthermore, the presence of decreased
amounts of C. albicans in the TABLET compared to the WATER
group provided evidence that the addition of a cleansing tablet
to water for nocturnal denture care do modulate the C. albicans
denture colonization (Fig. 5b). In contrast to the microbiota-
related results where the beneficial effect of tablet nocturnal
treatment was most striking when comparing to dry storage,
Fig. 5 – Candida albicans in cBf, dBF and mBF samples for the 3 different overnight storage conditions. (a) Incidence of Candida
albicans; (b) amount of Candida albicans. Statistically significant differences are shown by a horizontal bar (F-test and
unpaired t-test; p < 0.05). White bar: cBF, control biofilm; stripe bar: dBF, developing biofilm; grey bar: mBF, maturing
biofilm.
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addition of a cleansing tablet to water (WATER vs TABLET).
Compiling both microbial and Candida outcomes provides
evidence for clinical recommendation of overnight denture
storage by means of an effervescent alkaline peroxide-based
tablet, in particular in situations where oral and denture
hygiene is compromised.
Finally, the total microbial level, the microbial count of the
predominant species as well as the C. albicans count was
found to be equal in both the developing and the maturing
biofilm. This means that in none of the 3 overnight storage
conditions, differences could be found between the develop-
ing and the maturing biofilm. These findings suggest that the
effect of a specific overnight storage intervention does not
depend on the baseline situation of a microbial clean versus
contaminated denture surface. The absence or presence of a
7-days aged biofilm did not affect the outcome of a specific
nocturnal storage method in terms of reducing levels of
biofilm and potentially harmful bacteria and fungi. Further
research on the temporal changes of denture plaque
microbiological and fungal composition for different over-
night preservation situations is required prior to endorse this
finding.
In conclusion, optimization of the treatment of edentulous
patients for reducing systemic health risks associated withremovable denture wearing requires not only insight into the
microbiota present on denture surfaces, but also evidence-
based guidelines for nocturnal care. The present study
demonstrated that overnight storage of removable dentures
by means of an alkaline peroxide-based tablet decreases
bacterial and Candida levels of both developing and maturing
biofilms. All in all, the observed reduction of levels of biofilm
and potentially harmful bacteria under denture nocturnal
effervescent tablet storage suggests that the use of alkaline
peroxide-based tablets may affect denture-associated health
concerns directly, by affecting the denture biofilm mass and
composition, but also potentially indirectly by preventing the
formation of a more complex fungal biofilm. If one reasonably
assumes that oral and denture hygiene in elderly institution-
alized people is unsatisfactory and highly associated with
denture stomatitis and with more serious systemic diseases,
the study’s findings may be highly appropriate for the referred
target population by providing evidence for establishing a
clinical guideline – currently inexistent – for overnight denture
storage.
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